This paper considers the potential implications of the Doha Development Agenda, as well as other trade liberalization scenarios, for Mozambique. An applied general equilibrium model, which accounts for high marketing margins and home consumption in the Mozambique economy, is linked to results from the GTAP model of global trade. In addition, a microsimulation module is employed to consider the subsequent implications of trade liberalization for poverty. The implications of trade liberalization, particularly the Doha scenarios, are found to be relatively small. Presuming that a more liberal trading regime will positively influence growth in Mozambique, an opportunity exists to put in place such a regime without imposing significant adjustment costs.
Introduction
The Doha round of trade negotiations seeks explicitly to involve developing countries. In terms of process, developing countries are expected, as a group, to be much more engaged in the actual negotiations. Wealthier nations, on their side, are expected to place greater emphasis on the implications of any agreement for the developing countries, and particularly for poverty. The hope is to reach an agreement that enhances opportunities for developing countries to achieve poverty reducing economic growth through stronger trade linkages with the world economy.
As the region with the highest rate of poverty and relatively weak linkages into the global economy, it seems logical to carefully consider the role of Africa within the Doha agenda. The African continent is both enormous and highly diverse. As a result, implications of any given global trade agreement will differ across economies on the continent. This paper considers the potential implications of trade liberalization scenarios for the case of Mozambique. Like all African economies, Mozambique has distinguishing features that render it unique. However, as will be discussed, it also shares many structural features with other African countries. The logic of some of the ideas developed here can therefore be applied to a number of other countries across the continent.
The paper is structured as follows. Section 1 presents a brief description of Mozambique. Section 2 considers implications of various trade liberalization scenarios derived from an analysis that marries outputs from the GTAP model of global trade with a more detailed country computable general equilibrium (CGE) model of Mozambique.
Poverty analysis proceeds using a separate household microsimulation module. Section 3 provides a critique of the main results that come out of the models. Section 4 concludes.
The transmission of prices to low-income households is a theme that is developed in particular detail throughout the paper.
Mozambique
Mozambique is located along the South Eastern coast of Africa. In terms of total area, coastline and shape, it is roughly similar to (a mirror image of) the combined areas of the states of California, Oregon, and Washington that make up the western coast of the United States. Exploitation of natural resources underpins a substantial share of economic activity. Fisheries comprise a major export industry. The stock of arable land is large and much arable land remains unexploited. Important agricultural exports include cotton and tobacco. Forestry is also important. With its long coastline and abundance of natural harbors, Mozambique provides port and transport services to neighboring countries.
Exploitation of natural gas, uranium, titanium, and other mineral resources has also begun. Finally, Mozambique's natural beauty, particularly her beaches and coral reefs, attracts tourists.
These favorable attributes are spread out over a relatively small population of not quite 19 million people. Nevertheless, more than half of the population is categorized as absolutely poor. This implies that slightly more than one person in two has difficulty in meeting very basic survival needs in terms of calorie consumption and basic non-food necessities such as housing and clothing.
This pervasive poverty is the result of a complex historical legacy that included weak human capital development over the colonial period even by African standards, failed socialist policies initiated shortly after independence in 1975, and finally, a brutal civil war that endured for more than a decade. The cessation of hostilities in 1992 coincided with one of the worst droughts on record. The cumulative effect of these disasters earned Mozambique the unwanted moniker of "poorest country in the world" in the early 1990s. Since then, the economic record has been considerably more positive.
From a low base, economic growth has averaged in the range of 7-8 percent per annum for more than a decade. This growth coincided with the implementation of a fairly standard structural adjustment program. Very considerable flows of external assistance clearly helped to fuel growth and provided major funding for social initiatives with particularly large investments in basic health and education. Indicators such as crop production, asset ownership, income of rural households, school enrollments, infant mortality, and child vaccination coverage rates also showed improvements (MPF et al. 2004 ).
Because initial development levels were so low, a decade plus of rapid growth and rapid improvement in many social indicators has placed Mozambique near SubSaharan African averages for a range of indicators. In short, the trends are positive but the absolute levels of such indicators remain dismal. The clear challenge is to maintain the positive momentum developed over the past decade.
Over the coming decade, international trade will likely play a prominent role if growth is to continue. Growth in the past decade has been driven in large measure by internal reconstruction needs (usually donor funded) and production of basic goods and services that often have been consumed at very local levels, frequently within the household where they are produced.
2 While these sources of demand are likely to continue to be important, at least through the medium term, there is also a clear need to strengthen links to international markets, particularly with respect to exports of labor intensive products.
This thumbnail sketch illustrates many aspects of Mozambique that are unique on the African continent. However, Mozambique also shares many essential structural features that are quite common. A non-exhaustive list includes:
• A predominantly rural population with economic and social indicators typically at less favorable levels in rural areas. Hence, the large majority of the poor reside in rural areas making improvements in the well-being of current rural dwellers practically a condition sine qua non of any significant reduction in overall poverty levels.
• An overwhelming dependence on agriculture in rural areas.
• Large distances and poor transport infrastructure which result in substantial transport costs particularly between distant regions. These weaken or even sever entirely market linkages across disparate regions of the country. For example, the cost of transporting maize by truck from growing regions in the North to the capital city, located in the far South, is so high as to be effectively prohibitive.
We now consider implications of the Doha Development Agenda derived from a formal applied general equilibrium (AGE) model of Mozambique that is linked to outputs from the GTAP model of global trade.
Modeling the Implications of Doha
The goal of trade liberalization is to redirect productive resources to areas of comparative advantage. At the global level, this implies that production patterns will shift across countries. Within countries, some industries are likely to contract, thereby freeing productive resources which, at least in principle, might allow other industries to expand.
Typically, one expects productive patterns within individual countries to concentrate in particular industries that have a comparative advantage, following trade liberalization.
Surplus production is sold on global markets, and the resulting income permits countries to import products that were formerly produced at home.
Since the goal of trade liberalization frequently involves the reallocation of resources across productive sectors, CGEmodels have come to be the workhorses for analyses of trade agreements. This paper focuses on the Mozambique model, including the microsimulation module for poverty analysis. The first sub-section provides a description of the basic features of the Mozambique model. The second sub-section discusses structural features of the economy that can be expected to drive model results.
The third sub-section presents salient model results.
The Mozambique CGE Model
We start from a standard, trade-focused CGE model, which contains three basic elements: (a) specification of economic behavior for firms and households; (b) operation of markets; and, (c) macroeconomic closure. 3 Novel features particularly relevant for this analysis are then discussed.
Behavioral Specification
The model assumes profit maximization by producers under a sectoral constant elasticity of substitution (CES) technology. Consumers are assumed to demand commodities according to a linear expenditure system (LES) utility function formulation.
Investment and government expenditures are allocated in a Leontief fashion, with fixed real coefficients rather than fixed expenditure shares.
Foreign trade is specified using the Armington assumption. There are CES functions for sectoral imports. Armington import elasticities are taken from Hertel, Hummels, Ivanic, and Keeney (2004) . A constant elasticity of transformation (CET) function is employed on the export side. However, in order to remain consistent with the GTAP model, the sectoral export transformation elasticities were set to a high values (5).
And, a downward sloping demand function for Mozambican exports was developed again using elasticities from Hertel, Hummels, Ivanic, and Keeney (2004) . The presence of these downward sloping demand functions permits the Mozambique country model to simulate both the world price changes and the shifts in demand generated by the GTAP model under various global trade liberalization scenarios. Also, in this model, aggregate employment of all factors of production is exogenous and factor returns adjust to clear factor markets. Finally, the model numeraire is the consumer price index, so all price changes reported are relative to the CPI.
Macro Closure
All CGE models incorporate macro balances. How equilibrium is achieved between savings and investment, the government deficit, and the trade deficit constitutes the "macro closure" of the model. In the Mozambican model, aggregate investment is determined by savings (private plus government plus foreign) so the model is "savings driven". Private savings are endogenous, depending on fixed savings rates by households and enterprises. Government expenditure is set as a fixed share of aggregate absorption in the economy, and the government deficit is exogenous. Direct tax rates across institutions (households and enterprises) vary in order to maintain a constant deficit. Foreign savings and aid are fixed exogenously and the real exchange rate adjusts to achieve external balance through changes in aggregate exports and imports.
More Novel Features
Importantly for this analysis, the CGE model employed specifically accounts for the substantial costs required for products to reach commercial markets. This is particularly important in the case of agricultural products. These marketing margins reflect storage and transportation costs, as well as risk associated with trading activities and limited opportunities for diversification. Marketing margins are introduced into the static CGE model by assuming that each unit of a given production good requires a fixed amount of marketing services to reach the market. Since the current model framework treats imported and exported goods as inherently different from domestically consumed production, marketing margins related to exports, imports, and domestic goods are accounted for separately. A single production activity provides the commercial services associated with the marketing of commodities.
Transaction costs vary across sectors. They are zero in the case of service sectors, by definition, while they are nonzero -and sometimes quite large --in other goods sectors, particularly agricultural sectors where products are bulky and distances between points of production and consumption can be large. Marketing costs also vary depending on whether the product is imported, exported, or domestically produced and marketed.
Almost all Mozambican households have some money income, either from goods sales or from factor remunerations. This income is used for purchases of essential goods that cannot be produced by the households themselves. Nevertheless, the possibility of home consumption enables households to bypass the market in so far as they can produce consumption goods themselves. The presence of high marketing margins implies the existence of significant differences between farm gate (and factory gate) sales prices, on the one hand, and prices in the commercial markets on the other hand. Rather than sell at a low price and purchase at a high price, households-particularly rural agricultural households-often opt to consume at least some of what they produce. In some cases these marketing margins are so large as to isolate the household from commercial markets altogether. Therefore, explicit modeling of the interaction between marketing costs and home consumption becomes essential for assessing important aspects of the economy. Home-consumed and market consumption of all commodities are captured in the linear expenditure system (LES) formulation mentioned above. Appropriate modeling of home consumption and marketing margins has been shown to be important (Arndt, Jensen, Robinson, and Tarp 2000) .
The Mozambique Micro-simulation Model
A micro-simulation model in the spirit of Chen and Ravallion (2004) The analysis examines the first order implications of the changes in commodity prices and factor prices generated by the Mozambican CGE model for each of the 8,700
households in the sample. Specifically, changes in commodity prices are multiplied by individual household consumption shares and changes in factor prices are multiplied by the corresponding share of earnings from each factor in total household income. The factor price effect less the commodity price effect yields a money metric indicator of the first order change in utility due to the trade reforms for each household.
Importantly, in first order analysis, the net of effect of price changes for commodities that are home produced/consumed is zero as commodity price changes are exactly offset by gains or losses in factor income. This tends to blunt the impact of trade policy reform on rural households. As mentioned above, and detailed in the following section, home consumption is very important in the Mozambican context. In addition, the overwhelming predominance of informal activities implies that wage information is scarce. As a result, earnings by labor category are inferred from educational attainment data and returns to education estimated via regression analysis (Maximiano 2005) .
Similarly, for the large majority of households, it is practically impossible to separate overall household earnings into labor and capital components. This is less of an issue for poor households as the large majority of earnings can reasonably be assumed to be derived from labor income. In the micro-simulation model, five percent of total income is assumed to come from capital earnings for households living at less than twice the absolute poverty line. Tables 1, 2 , and 3 provide an overview of the structure of the Mozambican economy. implied by the social accounting matrix originally developed for this analysis are presented under the heading "average tariffs" and the rates used in the GTAP model of global trade are presented under the heading "GTAP tariffs". Generally, the tariffs implied by the SAM correlate well with those employed in the GTAP model (the correlation is about 0.58), even though the methodologies for developing these tariff aggregates have been rather different. Table 3 is meant to provide a better sense of the degree of competition between imports and domestic production. The results in the table are derived from an analysis of local production and imports comprising all economic activity divided into 144 sectors.
Structure of the Mozambican Economy
Each of the 144 sectors was put into one of three groups. The first group contains sectors where production accounts for at least 90 percent of total availability (production plus imports). The second group contains sectors where imports account for at least 90% of total availability. The third group contains all remaining products. This third group contains sectors where neither domestic supply nor imports dominate the total supply of the commodity. The first two groups are considered to be "specialized" while the remaining third group is considered "non-specialized". Table 3 indicates that, in general, sectors tend rather strongly to be either dominated by imports or by domestic production. Overall, about 89% of the value of domestic production is specialized with the large majority of these facing minor to no import competition in their particular product category. 6 The sectors that compete most directly with imports are in primary product processing, which includes processed foods.
According to the table, 53 percent of sales in this category come from sectors that are specialized (either dominated by imports or by domestic production). This implies that slightly less than half of sales in these sectors are in sectors where both imports and domestic production account for a significant volume of total domestic supply. These sectors also benefit from fairly substantial tariff protection (see Table 2 ). However, these sectors comprise only about 14 percent of the value of total sales and a smaller percentage of value added.
Generally, the volume of resources located in sectors where import competition could be expected to be keen is relatively small. There is little to no possibility for substitution between domestic production and imports in sectors where imports are dominant, such as oil, vehicles, and capital goods. Mozambique quite simply has very little to no productive capacity in these areas. Consequently, imports are expected to dominate under any scenario. Similarly, where production values for tradeables are large, such as in primary agriculture and fisheries, import volumes tend to be minor. Import volumes are also minor in most service sectors.
With respect to households, home consumption of basic food items represents a very important element of total expenditure. The importance of home consumption, from various perspectives, is presented in Table 4 . According to the macroeconomic accounts, home consumption amounts to 22 percent of total consumer expenditure on commodities.
Home consumption is much more prevalent in rural than in urban areas. Home consumption amounts to about 36 percent of total rural consumer spending and only about 8% of total urban consumer expenditure.
Wealthy households whose population weight is small but whose economic weight is large tend to dampen significantly the importance of home consumption in the macroeconomic accounts. Since wealthy individuals tend to engage in very little home consumption as a share of total consumption and have large economic weight, their presence drives down the share of home consumption in the macroeconomic data. When home consumption shares are derived using population weights (e.g., what is the share of home consumption for the average household), the share of home consumption grows considerably. At the national level, the average household obtains 45 percent of the value of total consumption from home consumption. The average rural household share remains considerably higher than the urban household share at 58 percent and 16 percent respectively.
The population categorized as poor tends to home consume proportionately somewhat more than the national average. Nevertheless, in terms of share of goods home consumed, households characterized as poor are not all that different from the population average. This not surprising when one considers the fact that the poor represent more than half the population. In addition, a further large fraction of the population consumes at levels above but still near the poverty line. For example, 90% of the population consumes at levels less than twice the poverty line. The tendency to home consume apparently remains relatively constant across these basic levels of income. Table 5 shows an index of real consumption by quintile. Families in the highest quintile consume about eight times the value for the poorest quintile. Inequality varies by region with consumption tending to be more evenly distributed in rural than in urban zones (a standard result). Regional differences also exist with the South, especially the capital city Maputo, exhibiting much greater degrees of inequality. Table 6 describes the shocks applied in the simulations analyzed and Table 7 describes the simulations. Results from the GTAP model of global trade are transmitted to the Mozambique model via changes in import prices and export prices and quantities faced by Mozambique. Import price changes are simply applied to the exogenous import prices in the Mozambique model. Export price and quantity changes derived from the GTAP model are applied in the manner developed by Horridge (2004) . Specifically, an export demand function of the form: Q = [FP/P]^ESUBM (where Q is the quantity exported, P is the export price, ESUBM is the elasticity of demand for exports, and FP is a shift parameter) has been added to the Mozambique model in order to mimic the global GTAP model. Horridge (2004) shows that export price and quantity changes generated by GTAP can be mimicked in a country through shocks to the shifter parameter FP.
Inequality

Simulations and Results
Using lower case to indicate percentage change, the percentage change in FP applied to the Mozambique model can be derived as follows: fp = p + q/ESUBM.
The four simulations presented are detailed in Results are presented in Tables 8, 9 , and 10. Focusing first on the macroeconomic results in Table 8 , one notes that unilateral trade liberalization generates a substantial real exchange rate depreciation. With tariffs removed, imports become more attractively priced and import volumes increase. In order to obtain the foreign currency to purchase these additional imports, exports must increase more than proportionately due to the large initial trade deficit. As mentioned above, in order to remain consistent with GTAP, export demand functions are specified as downward sloping. Therefore, the Overall household welfare as calculated from the CGE model (Table 9) Microsimulation analysis generally points to similarly small results. Table 10 summarizes the implications of trade liberalization on household welfare for the lower four income quintiles. It shows the mean, minimum, and maximum household level welfare impact (in percentage change from the base) for each simulation. The mean effect in the microsimulation model tends to be closer to zero than the equivalent welfare calculation provided in Table 9 . This is due primarily to the insulating effects of the high value of home consumption in the lower 80% of the consumption distribution (see Table   4 ). Nevertheless, concentration of earnings sources in certain factors and consumption on certain commodities exposes some households to stronger than average effects of trade liberalization. The range of the distribution is captured by the maximum and minimum values. The worst affected household would be one specialized in the factor with least favorable change in factor prices and specialized in consumption of commodities whose prices have tended to rise.
The range of outcomes for the Doha scenario is presented in Figure 1 . Outcomes for both urban and rural households tend to concentrate near the mean. Nevertheless, impacts tend to be much more heterogeneous in urban than in rural areas. This result also holds in all of the other scenarios (histograms not shown). This occurs due to more heterogeneous factor endowments across households in urban areas (rural households tend to depend very heavily on unskilled labor) as well as substantially greater reliance on the market for the purchase of commodities (i.e. less own-consumption). For rural households, homogeneity in income sources tends to concentrate welfare outcomes near the mean, and the prevalence of home consumption implies that this mean effect is typically quite small.
Since nearly three out of four poor Mozambicans live in rural areas, the overall implications for poverty rates in all of the scenarios tend to be small. In the scenario with the largest effect, unilateral trade liberalization (Unilib), the poverty rate edges up from 54.1 percent nationwide to 54.4 percent. Impacts in the remaining scenarios are much smaller.
Limitations of the Analysis
Price transmission
As reviewed in Winters, McCulloch, and McKay (2004) , Marketing costs between the frontier of a country (the port for example) and the point of production cause the price of an export good at the point of production to be considerably more variable in proportional terms than the FOB price. The current model, with its explicit addition of margins for exports, imports, and domestics, partially captures these effects. This represents an important step forward;
however, there remains much to do. The impact of trade liberalization on poverty depends crucially upon where the poor are living and the strength of the ensuing links to regional, national, and global markets. Distance and poor transport infrastructure alone may sever links to both import and export markets. Imperfect competition within the marketing system may also sever market linkages (Moser and Minten 2004) . Thus, particularly in large countries such as Mozambique, the analysis of trade and poverty forces one to consider building models with finer levels of spatial detail. This is true for both commodity and factor markets.
Unfortunately, attaining enhanced spatial detail is easier said than done. Attempts have been made (Ferreira-Filho and Horridge, 2005) in this volume; however, these attempts tend to be partial and tend not to generate a spatial price map that reflects the appropriate distribution of prices over space. 8 This is crucial as more distant regions often exhibit higher rates of poverty and very high marketing wedges. While a partial approach to regionalization (for example, regional detail in the production of some agricultural commodities for example) within an AGE model seems attractive initially, the incompleteness might actually hamper the goal of more faithfully modeling the role of geography in shaping the impact of policy change. Therefore, despite formidable information lacunae on the spatial distribution of economic activity and the complete absence of information on inter-regional trade, it may be better to develop regional social accounting matrices that account for what is known about the regional distribution of economic activity, estimating the remainder under plausible assumptions. 
Revenue replacement
In the case of Mozambique, the GTAP model employs average tariffs obtained by multiplying applied tariff rates by import weights. To remain consistent, the country CGE model also employs these average tariff values. However, as discussed in Arndt and Tarp (2004) , published tariff rates are generally larger than the tariff rate implied by the average tariff rate due to official exemptions and/or smuggling. If the marginal import pays published tariff rates, then the published tariff rate and not the average rate is the operative one for trade policy analysis. In addition, the rents associated with smuggling and official tariff exemptions may be large. Elimination or reduction of these rents through trade liberalization can have substantial distribution effects often with positive welfare implications for the poor (as the poor typically do not profit from these rents in the initial situation).
Gaps between average and published tariff rates also have implications for revenue. Pritchett and Sethi (1994) find that the gap between these rates tends to fall as published tariff rates decline. Hence, higher collection ratios may substantially attenuate declines in revenues due to lower tariff rates. The heavy dependence of Mozambique and many other African countries on value added taxes (VAT) applied at the border implies that even complete trade liberalization (tariff rates zero) may have offsetting revenue implications if a higher share of import volumes pass through official channels and hence pay VAT.
Examination of these revenue issues in the Mozambican context goes beyond the scope of the current paper (though it is an important topic for future research). The use of a neutral income tax for revenue replacement is a poor substitute for realistic modeling of revenue replacement options; however, the complexities of the revenue replacement issue (see Arndt and Tarp 2004 ) precluded modeling of options that are effectively more realistic within the time frame available for this analysis.
Downward sloping export demand functions
In the analysis undertaken in this paper, trade liberalization by Mozambique results in increased export volumes. Since the country is presumed to face downward sloping export demand functions, increases in exports results in lower prices and a deterioration in the nation's terms of trade. This formulation permits consistency with the GTAP model. Unfortunately, the formulation is the major driver of welfare results in the scenarios where Mozambique undertakes own liberalization. While perhaps a reasonable specification for some sectors, exports from many sectors are likely constrained by supply factors. In this view, more could be exported at a constant price if more could be produced. In fact, for many sectors, low export volumes are often pointed to as a cause of low prices, particularly at the farm or factory gate. Low volumes are viewed as a cause of high marketing costs and diminished confidence of potential importers in the quality and reliability of supply of Mozambican products. As indicated earlier, the changing the modeling assumption to that of supply-constrained exports and constant world prices switches the sign on the welfare result for unilateral trade liberalization, although the implications remain relatively small for the same reasons discussed above.
Despite these limitations of the analytical framework employed in this paper, a few robust conclusions may effectively be drawn. These are discussed in the final section.
Conclusions
In order to rise out of poverty, Mozambique must achieve rapid growth over a long period of time. Even with rapid growth, it will take some time, perhaps decades, to lift the large bulk of the Mozambican population out of poverty. Seen from this perspective, the static results presented above are disappointing as they do not contribute to the growth required for such sustained poverty reduction. Nevertheless, as pointed out by Winters, McCulloch, and McKay (2004) , most economists believe that more liberal trading regimes tend to be associated with higher rates of economic growth. Difficulties, Table are drawn from production and import information for 144 sectors representing all commodities. The intent is to discover which productive sectors compete intensively with imports and which are specialized meaning that either commodity supply comes 90% from domestic production or 90% from imports. 
